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(54) Systems and methods for tissue mapping and ablation 

(57) A steerable electrophysiology catheter in- 
cludes a shaft having a distal ablation segment with one 
or more electrodes coupled to a source of electrical en- 
ergy by a connector extending through the shaft. The 
distal ablation segment of the shaft is movable between 
a collapsed configuration sized for percutaneous intro- 
duction into the patient and/or endoluminal delivery to 
the target site and an expanded configuration, in which 
the distal ablation segment forms a substantially contin- 
uous surface transverse to the shaft axis for engaging 
the hearttissue and creating a linear lesion thereon. The 
catheter includes one or more force element(s) posi- 
tioned to apply an axial force between the distal and 
proximal ends of the ablation segment. The force ele- 
ments) provide a sufficiently uniform force against the 
distal ablation segment to establish continuous contact 
pressure between the electrodes and the patient's heart 
tissue. This contact pressure allows the surgeon to en- 
gage the entire length of the distal ablation segment 
against the heart tissue to provide a relatively long linear 
lesion on this tissue. 
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Description 

The present invention relates generally to systems 
and methods for applying electrical energy to a patient 
and more specifically to steerable electrophysiology 
catheters for use in mapping and/or ablation of the heart. 

The heart is primarily composed of multiple fibers 
which are responsible for the propagation of signals 
necessary for normal, electrical and mechanical func- 
tion. The presence of an arrhythmogenic site or abnor- 
mal pathway which may bypass or short circuit the nor- 
mal conducting fibers in the heart often causes abnor- 
mally rapid rhythms of the heart, which are referred to 
as tachycardias. Tachycardias may be defined as ven- 
tricular tachycardias (VTs) and supraventricular tachy- 
cardias (SVTs). VTs originate in the left or right ventricle 
and are typically caused by arrhythmogenic sites asso- 
ciated with ventricular myocardial disease. SVTs origi- 
nate in the atria or the atrioventricular (AV) junction and 
are frequently caused by abnormal circuits or foci. 

The present invention is concerned with the treat- 
ment of atrial fibrillation and atrial flutter, which are two 
of the most common sustained cardiac arrhythmias and 
of the major causes of systemic embolism. Therapy for 
patients suffering from atrial fibrillation usually focuses 
on controlling the symptoms (palpitations, angina, dys- 
pnea, syncope and the like), improving cardiac perform- 
ance and reducing the risk of thromboembolism. Treat- 
ment of atrial fibrillation may be accomplished by a va- 
riety of approaches, including drugs, surgery, implanta- 
ble pacemakers/defibrillators, and catheter ablation. 
While antiarrhythmic drugs may be the treatment of 
choice for many patients, these drugs may only mask 
the symptoms and do not cure the underlying cause. Im- 
plantable devices, on the other hand, usually can correct 
an arrhythmia only after it occurs. Surgical and catheter- 
based treatments, by contrast, may actually cure the 
problem usually by ablating the abnormal arrhyth- 
mogenic tissue or abnormal pathway responsible for the 
atrial fibrillation or flutter. The catheter-based treat- 
ments rely on the application of various destructive en- 
ergy sources to the target tissue including direct current 
electrical energy, radiofrequency electrical energy mi- 
crowave energy laser energy, cryoenergy, ultrasound 
and the like. 

Of particular interest to the present invention are ra- 
diofrequency (RF) ablation protocols which have proven 
to be effective in treatment of atrial fibrillation while ex- 
posing the patient to minimum side effects and risks. Ra- 
diofrequency catheter ablation may be performed after 
an initial mapping procedure where the locations of the 
arrhythmogenic sites and abnormal pathways are deter- 
mined. A catheter having a suitable electrode is intro- 
duced to the appropriate heart chamber and manipulat- 
ed so that the electrode lies proximate the target tissue. 
Radiofrequency energy is then applied through the elec- 
trode to the cardiac tissue to ablate a region of the tissue 
which forms part of the arrhythmogenic site or the ab- 



normal pathway. By successfully destroying that tissue, 
the abnormal conducting patterns responsible for the 
atrial fibrillation or flutter cannot be sustained. Methods 
and systems for performing RF ablation by controlling 

5 temperature at the ablation site are described in U.S. 
Patent No. 5,573,533 entitled "Method and System for 
Radiofrequency Ablation of Cardiac Tissue." 

Catheters designed for mapping and/or ablation fre- 
quently include a number of individual electrode bands 

10 mounted to the distal tip of the catheter so as to facilitate 
mapping of a wider area in less time, or to improve ac- 
cess to target sites for ablation. Such catheters are de- 
scribed in U.S. Patent No. 5,573,533. Catheters utilized 
in radiofrequency ablation are typically inserted into a 

15 major vein or artery usually in the neck or groin area, 
and guided into the chambers of the heart by appropri- 
ate manipulation through the vein or artery. Such cath- 
eters must facilitate manipulation of the distal tip or ab- 
lation segment so that the distal electrode(s) can be po- 

20 sitioned against the tissue region to be ablated. The 
catheter must have a great deal of flexibility to follow the 
pathway of the major blood vessels into the heart, and 
the catheter must permit user manipulation of the distal 
ablation segment even when the catheter is in a curved 

25 and twisted configuration. Because of the high degree 
of precision required for proper positioning of the tip 
electrode, the catheter must allow manipulation with a 
high degree of sensitivity and controllability. 

An important factor which has driven the recent de- 

30 velopment of curative catheter ablation therapies for 
atrial fibrillation has been the development of a success- 
ful surgical procedure, the "Maze" procedure, for treat- 
ing patients with this arrhythmia. The Maze procedure 
was developed to provide both sinus node control of 

35 ventricular rate and effective, appropriately synchro- 
nized biatrial contraction. This procedure involves open- 
ing the patient's chest cavity with a gross thoracotomy 
usually in the form of a median sternotomy, to gain ac- 
cess into the patient's thoracic cavity, and cutting long 

40 linear incisions through the heart wall to electrically par- 
tition portions of the heart. In particular, the Maze pro- 
cedure partitions the atria such that: (1 ) no portion of the 
atrium is large enough to support atrial fibrillation; (2) 
conduction of the sinus impulse to the AV node and to 

45 most portions of the atria is maintained; and (3) relatively 
normal atrial contraction is restored. 

The success of the Maze procedure has driven in- 
terest in the development of a catheter ablation proce- 
dure which can replicate the therapeutic results of the 

50 surgical Maze procedure. This catheter ablation proce- 
dure involves the creation of relatively long linear lesions 
along the heart tissue with the distal tip of an ablation 
catheter. This desire to produce linear lesions has led 
to catheter designs in which several ablation electrodes 

55 are mounted on the length of the distal ablation segment 
of the catheter shaft. By engaging the entire length of 
the distal ablation segment with the heart tissue, a string 
of "point" lesions are connected together to form a linear 
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lesion. When contact of the distal ablation segment shaft 
is attempted with standard catheter designs, however, 
the line of force to the ablation segment is typically ap- 
plied from the proximal end, while the distal tip of the 
ablation segment remains relatively free. Consequently 
contact pressure of the distal tip of such a catheter is 
dependent upon the relative stiffness of the distal abla- 
tion segment, and the translation of force by the operator 
through the main catheter shaft to the proximal portion 
of the ablation segment. This inefficient application of 
force along the distal ablation segment of the catheter 
results in nonuniform (and often inadequate) application 
of contact pressure at each point along the distal abla- 
tion segment. 

The present invention provides devices and meth- 
ods for applying electrical energy to a patient. In partic- 
ular, the invention provides a steerable electrophysiolo- 
gy catheter for mapping and/or ablation of heart tissue 
during procedures such as atrial and ventricular tachy- 
cardias, particularly atrial fibrillation and flutter. The 
catheter of the present invention applies a centralized 
force to a distal ablation segment, which more uniformly 
distributes across the distal ablation segment to estab- 
lish continuous contact pressure between the ablation 
segment and the patient's heart tissue. This uniform 
continuous contact pressure allows the operator to en- 
gage substantially the entire length of the distal ablation 
segment against the heart tissue to provide a relatively 
long, linear lesion on this tissue. 

A steerable electrophysiology catheter according to 
the invention includes a shaft having distal and proximal 
ends and an ablation segment at the distal end. One or 
more electrodes are spaced along the ablation seg- 
ment, and coupled to a source of energy by a connector 
extending through the shaft. Energy sources may in- 
clude direct current electrical energy, radiofrequency 
electrical energy, microwave energy laser energy, cry- 
oenergy, ultrasound and the like. Preferably, the energy 
source is a radiofrequency generator. The distal ablation 
segment is movable between a collapsed configuration 
sized for percutaneous, intercostal and/or endoluminal 
delivery to the target site, and an expanded configura- 
tion, in which the distal ablation segment forms a sub- 
stantially continuous surface transverse to the shaft axis 
for engaging the heart tissue and forming a continuous 
lesion thereon. The catheter includes one or more force 
element(s) positioned to apply an axially directed force 
between opposite ends of the ablation segment. The 
force element(s) provide a centralized and substantially 
uniform axial force against the ablation segment to in- 
crease the contact pressure between the electrodes 
spaced along the ablation segment and the heart tissue. 
This increased contact pressure allows engagement of 
substantially the entire ablation segment against the 
heart tissue so that a continuous linear lesion may be 
formed on the tissue. 

Another advantage of the present invention is that 
the distal ablation segment is preferably coupled to the 



catheter shaft by a substantially rigid hinge assembly. 
The hinge assembly allows the distal ablation segment 
to pivot about the shaft into a suitable orientation trans- 
verse (i.e., angles from about 1-359 degrees relative to 

5 the shaft axis) to the shaft axis for creating a linear lesion 
on the tissue. The rigid hinge assembly effectively se- 
cures the ablation segment in this transverse orientation 
so that the surgeon can apply pressure against the ab- 
lation segment (either distal or proximally directed forc- 

10 es) to maintain contact pressure between substantially 
the entire length of the segment and the heart tissue. 

In one embodiment, the distal ablation segment has 
a split-tip configuration comprising first and second arm 
segments pivotally coupled to a hinge assembly at the 

15 distal end of the catheter shaft. The arms are pivotable 
about the hinge assembly between a collapsed config- 
uration, where the arm segments are folded together 
and generally parallel to the shaft axis, and an expanded 
configuration, where the arms are split apart to form a 

20 continuous surface transverse to the shaft axis. Usually, 
the arms will define an angle between about 1 to 270 
degrees in the expanded position, preferably about 90 
to 1 80 degrees and more preferably between about 1 20 
to 175 degrees. This latter configuration causes a 

25 spring-like contact at the ends of the ablation arms to 
facilitate the application of axial force by the catheter 
shaft against the arms. Each arm segment includes a 
plurality of ablation electrodes formed on an outer sur- 
face of the arm segments. Electrical connectors extend 

30 from the electrodes, through the hinge assembly andthe 
catheter shaft, to a proximal connector for coupling the 
electrodes to a source of electrical energy such as a 
Radiofrequency generator, or other suitable energy 
source. 

35 in one aspect of the invention, the arm segments 
are substantially cylindrical, and the electrodes are 
coils, rings, half-rings or balloons extending around the 
cylindrical arms. In another aspect of the invention, the 
arm segments have a semi-circular cross-section with 

40 a substantially planar contact surface. Flattened coil 
electrodes or metallic pads attached to underlying sup- 
port plates or other suitable electrodes are disposed on 
the planar contact surface. In this latter arrangement, 
the hinge assembly includes a pair of hinges that are 

45 offset from the shaft axis and disposed adjacent each 
other to minimize interference with the tissue/electrode 
interface. 

In yet another aspect of the invention, each arm 
segment also includes a fluid channel for directing cool- 

50 ant therethrough to bathe the target site with fluid and/ 
orconvectively cool the electrodes. In an exemplary em- 
bodiment, the fluid is an ionic solution, such as isotonic 
saline. In this configuration, the fluid is directed between 
the electrodes and tissue at the target site to complete 

55 the current path between the electrodes and the tissue. 
The ionic solution effectively carries the RF ablation en- 
ergy to inhibit or prevent direct contact between the elec- 
trodes and the tissue to minimize tissue damage and 
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fluid (e.g., blood) coagulation on the electrodes. 

The force element(s) are preferably disposed be- 
tween the arm segments at the hinge assembly, and in- 
clude a connector extending to the proximal end of the 
catheter shaft. Preferably, at least one of the force ele- 
ments is the catheter shaft, which can be manipulated 
to apply a central, symmetric axial force against the 
arms at the hinge assembly in the expanded position to 
effectively ensure that the arms maintain sufficient con- 
tact pressure against the heart tissue during the ablation 
procedure. The force element(s) may also actuate the 
hinge assembly to pivot the arm segments between the 
folded and expanded positions. In a specification con- 
figuration, the force element(s) additionally include one 
or more actuator wires extending through the catheter 
shaft from a proximal handle to the hinge assembly. The 
handle includes a user input control, such as a slide ring, 
knob, button or the like, for axially translating the ma- 
nipulator wires. This axial translation of the actuator 
wires causes the arm segments to pivot about the hinge 
assembly. The handle may include additional input con- 
trols for providing additional degrees of freedom, such 
as rotation of the ablation segment about the catheter 
shaft, curvature of the catheter tip, and the like. 

In another embodiment of the invention, the distal 
ablation segment includes a single, linear ablation seg- 
ment coupled to the catheter shaft by a pair of curved, 
flexible support shafts. The curved support shafts ex- 
tend radially and distally outward from the catheter shaft 
to support the linear ablation segment at points between 
its ends and midspan. The ablation segment includes a 
central hinge structure and outer movable portions that 
pivot about the hinge structure. A centrally mounted pull 
wire within the catheter shaft causes the outer portions 
of the ablation segment to collapse and expand at the 
central hinge pivot point. The outer portions of the abla- 
tion segment preferably define an angle of about 1 20 to 
170 degrees in the expanded configuration. The support 
shafts, together with a central manipulator wire ; function 
as the force elements to apply a balanced axial force 
against the ablation segment in the expanded configu- 
ration. Alternatively, the catheter shaft may include a 
pair of flexible arms that extend distally away from each 
other to form a Y-shaped arrangement at the distal end 
of the shaft. In this configuration, the arms are biased 
toward each other, and can be pivoted about a central 
"living" hinge to urge the arms into an expanded config- 
uration. 

In another embodiment of the invention, the distal 
ablation segment is a single, continuous member that 
pivots around the distal end of the catheter (rather than 
collapsing upon itself as in the previous embodiments). 
The distal portion of the catheter shaft preferably in- 
cludes a cut-out or longitudinal opening for allowing the 
ablation segment to pivot from a collapsed or generally 
parallel orientation within the longitudinal opening of the 
shaft to a deployed orientation transverse to the shaft. 
The ablation segment may also be drawn proximal into 



the shaft, if desired. The force elements in this embod- 
iment preferably include the catheter shaft and a pair of 
curved flexible support shafts that extend from the distal 
end of the catheter shaft to support the ablation seg- 
5 ment. One of the support shafts may also be drawn prox- 
imally into the catheter to pivot the ablation segment 
about the distal end of the catheter. 

In a preferred aspect of a method of the present in- 
vention, an ablation segment is positioned adjacent the 
target site on the patient's heart. The ablation segment 
may be introduced and delivered endoluminally to the 
target site with a delivery catheter, it may be delivered 
through an intercostal penetration with a catheter or 
probe, or directly into the thoracic cavity through a tho- 
racotomy. Once in position, the pull wire(s) are moved 
axially to pivot the arm segments (or rotate the single 
ablation segment) into the expanded position trans- 
verse to the shaft axis. The catheter can then be moved 
distally to engage the heart tissue at the target site. The 
actuator wires, catheter shaft and/or support shafts will 
exert an axial force against the distal ablation segment 
to maintain sufficient contact pressure with the heart tis- 
sue so that the electrodes create a linear lesion against 
this tissue. In an exemplary embodiment, the surgeon 
will create a number of linear lesions in the heart tissue 
to electrically partition portions of the atria (i.e, similar 
to the Maze procedure). 

Alternatively, if the electrodes were mounted cir- 
cumferentially around the arm segments, or on the 
"backside" of the arm segments, the catheter could be 
pulled proximally to engage the heart tissue. For exam- 
ple, the catheter may be pulled into a vessel to engage 
the heart tissue surrounding the vessel opening, such 
as the ostium of a vein or artery or a valve annulus, or 
against the septal wall of the left atrium through a trans- 
septal puncture. 

Radiofrequency current could then be delivered through 
a connector in the shaft and suitable electrode wires to 
the electrodes on the ablation segment(s), through 
which current is conducted to the heart tissue to perform 
ablation. 

Other features and advantages of the invention will 
appear from the following description in which the pre- 
ferred embodiment has been set forth in detail in con- 
junction with the accompanying drawings. 

Fig. 1 is a perspective view of a steerable electro- 
physiology catheter constructed in accordance with 
the principles of the present invention; 
Figs. 2A and 2B are side cross-sectional views of 
distal and proximal portions, respectively, of a de- 
flectable tip of the catheter of Fig. 1 ; 
Figs. 2C-2E are transverse cross-sectional views 
taken along lines C-C, D-D, and E-E respectively, 
through the distal portion of the deflectable tip of 
Fig. 2A; 

Figs. 2F-2H are transverse cross-sectional views 
taken along line F-F, G-G and H-H respectively, 
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through the proximal portion of the deflectable tip of 
Fig. 2B: 

Fig. 3 is an enlarged view of a hinge assembly at 
the distal end of the catheter of Fig. 1 , illustrating a 
split-tip configuration with a pair of cylindrical abla- 5 
tion segments; 

Fig. 4 is an exploded view of the hinge assembly of 
Fig. 3; 

Fig. 5 is an end view of the hinge assembly of Fig. 3; 
Fig. 6 is an enlarged view of an alternative hinge io 
assembly incorporating an integrated central hinge 
element and semi-circular ablation segments with 
substantially planar electrodes thereon; 
Fig. 7 is an end view of the alternative hinge assem- 
bly of Fig. 6; 15 
Fig. 8 is an exploded view of the hinge assembly of 
Fig. 6; 

Fig. 9 is an enlarged view of the hinge assembly of 
Fig. 6, incorporating a plurality of metallic pad elec- 
trodes on the ablation segments; 20 
Fig. 10 is an enlarged view of one of the ablation 
segments of the hinge assembly of Fig. 9; 
Fig. 1 1 is a cross-sectional view of one of the abla- 
tion segments of the hinge assembly of Fig. 6; 
Fig. 1 2 is a cross-sectional view of one of the abla- 25 
tion segments of the hinge assembly of Fig. 3; 
Figs. 13A-13C are perspective views of another 
hinge assembly embodiment of the present inven- 
tion, incorporating a central hinge; 
Figs. 14A and 14B illustrate the central hinge em- 30 
bodiment of Figs. 13A-13C in the collapsed config- 
uration; 

Fig. 15 illustrates yet another embodiment of the 
hinge assembly of the present invention; 
Fig. 16Aand 16B illustrate another embodiment of 35 
the hinge assembly of the present invention; 
Fig. 17 illustrates yet another embodiment of the 
hinge assembly of the present invention, incorpo- 
rating a tilting "cantilever" hinge design; 
Fig. 18A illustrates another embodiment of one of 40 
the arm segments of the catheter of Fig. 1 incorpo- 
rating a fluid chamber for directing an ionic solution 
between the electrodes and tissue at the target site; 
Fig. 18B illustrates an electrode panel for the arm 
segment of Fig. 18A; 45 
Fig. 1 8C is a longitudinal cross-section of one of the 
arm segments of Fig. 18A taken along lines C-C; 
Figs. 19A and 19B illustrate another embodiment 
that incorporates a pair of flexible arms that form a 
Y-shaped distal end; 50 
Figs. 20 and 21 schematically illustrate a method of 
forming a lesion on the left atrial side of the septum 
within the patient's heart; 

Fig. 22 schematically illustrates a method of forming 

a lesion across the mitral valve annulus of the pa- 55 

tient's heart; 

Fig. 23 illustrates an alternative electrode configu- 
ration according to the present invention; and 



Fig. 24 illustrates a flexible printed circuit for the 
electrodes of Fig. 23. 

Referring to the drawings in detail, wherein like nu- 
merals indicate like elements, an electrophysiology 
catheter 2 is illustrated according to the present inven- 
tion. As shown in Fig. 1 , catheter 2 generally includes a 
shaft 6 having a proximal end 18 and a distal end 22. 
Catheter 2 includes a handle 4 secured to proximal end 
1 8 of shaft, and a deflectable tip 28 coupled to distal end 
22 of shaft 6. Deflectable tip 28 comprises a movable 
ablation assembly 30 at its distal end that generally in- 
cludes a hinge assembly 32 and a pair of arms 34, 36 
that are movable between open (Fig. 3) and closed po- 
sitions (Fig. 1). A plurality of ablation or mapping elec- 
trodes 38 (see Figs. 3-5) are mounted to arms 34, 36 
for applying electrical energy to the patient, as dis- 
cussed in further detail below. Handle 4 includes a tip 
actuation slide 10, a core wire torque ring 12 and a cur- 
vature adjustment slide 11 , as well as an electrical con- 
nector 14, all described more fully below. 

Figs. 2A and 2C-2E illustrate a distal portion 31 of 
deflectable tip 28, and Figs. 2B and 2F-2H illustrate a 
proximal portion 33 of tip 28. It should be understood 
that the deflectable tip 28 illustrated in Figs. 2A-2H rep- 
resents an exemplary embodiment, and the present in- 
vention is not limited to this configuration. That is, the 
ablation assemblies described below may be used with 
a wide variety of different tips and catheters. As shown 
in Figs. 2B and 2H, shaft 6 includes an axial lumen 48 
between its proximal and distal ends 18, 22. The pre- 
ferred construction of shaft 6 includes a polyimide or UL- 
TEM™ inner tube 50 surrounded by an extruded topcoat 
52 of a flexible polymer such as PEBAX™, urethane, 
etc. To add torsional and bending stiffness to shaft 6, a 
braided reinforcement 54, usually stainless steel, may 
be embedded in topcoat 52. As shown in Fig. 2H inner 
tube 50 includes a number of manipulator and actuator 
wires, fluid channels, electrical conductors and the like, 
extending from its proximal end to deflectable tip 28. De- 
flectable tip 28, in turn, defines at least five axial lumens 
extending from its proximal end to its distal end, all in 
communication with axial lumen 48 of inner tube 50. 

In one embodiment, a stiffener or manipulator wire 
66 for selectively adjusting the curvature of deflectable 
tip 28 extends through shaft 6 into tip 28 to a distal ball 
67, which is mounted to an anchor member 69 near the 
distal end of tip 28 (see Figs. 2A and 2D, discussed in 
further detail below). As shown in Fig. 2D : manipulator 
wire 66 extends through a first axial lumen 55 in tip 28. 
When the catheter 2 has been positioned in the heart, 
the configuration of the deflectable tip 28 can be selec- 
tively adjusted to impart the desired curvature and 
shape to the deflectable tip as appropriate for the size 
and location of the area to be mapped and/or ablated. 
In one embodiment, manipulator wire 66, when ad- 
vanced into tip 28, will give tip 28 and manipulator wire 
66 a combined bending stiffness greater than that of de- 
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flectable tip 28 alone, but less than the bending stiffness 
of shaft 6. A more complete description of this feature 
can be found in commonly assigned U.S. Patent No. 
5,487,757. 

As shown in Figs 2C-2G, second and third axial lu- 
mens 56, 57 within tip 28 receive actuator wires 58, 59 
for manipulating arms 34, 36 of ablation assembly 30 
(see Fig. 3). Actuator wires 58, 59 extend to a yoke 78 
of ablation assembly 30 for manipulating the arms 34, 
36, as discussed in detail below. As shown in Fig. 2H, 
actuator wires 58, 59 are joined into a single, common 
actuation member 61 within shaft 6 for actuation of both 
wires 58, 59 (and both ablation arms) substantially si- 
multaneously. Of course, it will be recognized that the 
actuator wires 58 ; 59 may remain separate through 
shaft 6 for independent actuation of the ablation seg- 
ments. Deflectable tip 28 further includes a fourth axial 
lumen 70 through which a core wire 72 extends. As 
shown in Fig. 2D, core wire 72 forms a loop in anchor 
member 69 at or near distal end of tip 28 to enable ro- 
tational manipulation of tip 28. In a preferred embodi- 
ment, core wire 72 extends through shaft 6 and com- 
prises TEFLON R -coated stainless steel. Catheters uti- 
lizing such a core wire construction are disclosed in U. 
S. Patent No. 5,573,533. 

Referring again to Figs. 2G and 2H, tip 28 further 
includes a fifth, central lumen 73 for receiving electrode 
wires 74, thermocouple wires 76 (see Fig. 2H)) and a 
fluid tube 75. Of course, each of these components may 
extend through separate lumens, ratherthan one, larger 
central lumen 73. As shown in Fig. 2F, fluid tube 75 is 
preferably coupled to a pair of fluid conduits 85 ; 87 ex- 
tending through tip 28 to the ablation segments for de- 
livering fluid to each segment as discussed below. In an 
exemplary embodiment, fluid conduits 85, 87 are bond- 
ed to fluid tube 75 with a fluid tight sheath 89 formed of 
a suitable material, such as a Dacron™ mesh impreg- 
nated with a silicone adhesive. Each of electrode wires 
74 is connected to one of the electrodes 38 (Fig. 3). In 
the representative embodiment, wires 74 are bundled 
together through shaft 6 (see Fig. 2H) and then split 
apart into two flex circuits 77, 79 (Fig. 2F), each extend- 
ing to one of the ablation segments, as discussed below. 
As shown in Fig. 2G, flex circuits 77, 79 are joined to 
wires 74 at a junction 81 within tip 28 having an insulat- 
ing adhesive dome 83. The thermocouple wires 76, typ- 
ically copper and constantan, extend into an aperture 
(not shown) in arms 34, 36, where they are anchored 
with high temperature adhesive. 

Referring again to Figs. 2A, 2C and 2D, yoke 78 
includes an annular mounting portion 91 extending into 
tip 28, where it is attached to anchor member 69. Anchor 
member 69 is a substantially annular member that is 
coupled to the outer walls of tip 28 (see Fig. 2A). As 
shown in Fig. 2D, anchor member 69 has a pair of cut- 
outs 93, 95 for receiving actuation wires 58, 59 and a 
number of holes for receiving manipulator wire 66, cen- 
tral lumen 73 and core wire 72. Core wire 72 loops 



around the distal end of anchor member 69 to form the 
core wire loop, thereby anchoring core wire 72 to tip 28. 
Accordingly, anchor member 69 includes two holes 97 
for receiving both portions of the core wire 72 loop. 
5 Referring to Figs. 3-5 and 12, one embodiment of 

the ablation assembly 30 of the present invention will be 
described in further detail. As shown in Fig. 3, ablation 
assembly 30 includes a hinge assembly 32 coupled to 
the distal end of deflectable tip 28, and a pair of shaft 
io segments or arms 34, 36 pivotally mounted to hinge as- 
sembly 32. Specifically, hinge assembly 32 includes a 
yoke 78, a pair of hinges 80, 82 mechanically linked to 
yoke 78 and a pair of actuator wires 58, 59 coupled to 
hinges 80, 82. Hinges 80, 82 preferably comprise a rel- 
15 atively strong metal, such as titanium, stainless steel, 
Nitinol™ or engineering plastics, such as Ultem™. Ac- 
tuator wires 58, 59 extend through the catheter shaft to 
tip actuation slide 10 (Fig. 1) of handle 4 for mechani- 
cally opening and closing arms 34, 36 (discussed be- 
20 low). Arms 34, 36 will usually be configured to move be- 
tween a closed position (dotted lines in Fig. 1) substan- 
tially parallel to the longitudinal axis of shaft 6 and an 
open position having an included angle of about 1 to 270 
degrees in the expanded position, preferably about 90 
25 to 1 80 degrees and more preferably between about 1 20 
to 175 degrees. This latter configuration causes a 
spring-like contact at the ends of the ablation arms to 
facilitate the application of axial force by the catheter 
shaft against the arms. The actual application of arms 
30 34, 36 to the irregularities of the surface of the interior 
of the heart will probably be most extensive (and effec- 
tive) with an included angle of less than 150 degrees. 

Once arms 34, 36 have been expanded and posi- 
tioned in engagement with the heart tissue, catheter 
35 shaft 6, 28 will be used to apply an axial force against 
arms 34, 36 to maintain continuous contact pressure 
against the tissue. As those skilled in the art will appre- 
ciate, catheter shaft 6, 28 can be manipulated to apply 
a centralized, symmetric and evenly balanced axial 
40 force against arms 34, 36, which allows a relatively long 
area of tissue to be engaged by two shorter segments 
(i.e., arms 34, 36). In addition, the arms 34, 36 provide 
increased and evenly distributed contact pressure 
across the entire length of the desired ablation location. 
45 Actuator wires 58, 59 close arms 34, 36 against the tis- 
sue, which enhances the contact therebetween. In the 
preferred embodiment, proximal movement of actuator 
wires 58, 59 (i.e., pulling on these wires) will close arms 
34, 36, while distal movement or pushing on wires 58, 
50 59 will open arms 34, 36. However, it will be recognized 
that arms 34, 36 may be actuated in the reverse direc- 
tion. 

Referring to Fig. 3, each arm 34, 36 will include a 
plurality of ablation electrodes 38 extending along the 
55 length of arms 34, 36 (note that electrodes 38 are only 
schematically illustrated in the drawings). Preferably, 
ablation electrodes 38 are coils or solid rings that are 
spaced from each other along arms 34, 36 and include 
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temperature sensors 88, such as thermocouples or ther- 
mistors. The electrodes 38 and temperature sensors 88 
are electrically coupled to wires 74, 76 within shaft 6 by 
individual insulated wires 90, 92, respectively (see Fig. 
12). However, they may also be electrically connected 
by flexible conductors (not shown), such as flex circuits, 
silicon matrix multi-filar ribbon cables, or the like. Flex- 
ible conductors have the advantage that they will be 
more reliable during repeated flexion at the hinge points. 
Arm segments 34, 36 will be constructed to have a de- 
sirable stiffness, depending on the application. For ex- 
ample, relatively stiff arm segments 34, 36 could be use- 
ful in flatter areas of the atrium, while a softer construc- 
tion would be more conformable to curved (particularly 
convex) portions of the atrium. Softer arm constructions 
could be made to conform around a sharp bend in the 
contact surface, such as the ostium of a vein or artery 
or a valve annulus. The length of arm segments 34, 36 
will also vary depending upon the number of electrodes 
38 desired. Typically, each arm will include one to three 
electrodes 38, which results in an arm length of about 
1-3cm or an overall ablation length of 2-6 cm. However, 
it will be readily recognizable that the arms may be long- 
er or shorter depending on the particular procedure. 

As shown in Figs. 4 and 12, arm segments 34, 36 
may have a circular cross-section, comprising a central 
mandrel core 94 attached, e.g., glue, solder, weld, 
press-fit, or the like, at hinges 80, 82, and outer sleeves 
96 extending coaxially over mandrel cores 94. Core 94 
and outer sleeves 96 define an annular fluid passage 
98 therebetween, which is fluidly coupled to a fluid lu- 
men (not shown) within catheter shaft 6. Arms 34, 36 
may include a plurality of holes along their length for di- 
recting coolant onto the target site. Alternatively, arms 
34, 36 may each include a hole at their distal ends for 
allowing the coolant to flow through arms to convectively 
exchange heat with electrodes 38. 

As shown in Figs. 2-5, the curvature imparted to de- 
flectable tip 28 may be selectively adjusted by axially 
translating manipulator wire 66 within the catheter shaft 
6. Preferably, the curve control allows orientation of de- 
flectable tip 28 between 0-270° of curve, more prefera- 
bly between 0-180°. Catheter 2 may include another 
control wire (not shown) extending to yoke 78 for rotat- 
ing ablation assembly 30 by twisting deflectable tip 28 
relative to shaft 6. Typically, this control wire is a tapered 
core wire which can be rotated to cause slight twisting 
of the main catheter shaft 6, thereby allowing the angu- 
lar orientation of the open hinge arms 34, 36 to be varied 
relative to shaft 6. This allows the operator to rotate the 
position of arms 34, 36 without physically rotating the 
entire catheter shaft 6, which provides for finer control 
of this manipulation. When the distal shaft is curved, ro- 
tation of the tapered core wire causes lateral movement 
of the entire distal array. 

In a method according to the present invention, 
catheter 2 is transluminal^, thoracoscopically (e.g., 
through an intercostal penetration), and/or directly de- 



livered into the thoracic cavity so that deflectable tip 28 
is positioned adjacent the heart. An axial force may be 
applied to manipulator wire 66 by sliding adjustment 
slide 11 to adjust the curvature of tip 28. When the de- 

5 sired degree of curvature has been obtained, deflecta- 
ble tip 28 may be further positioned rotationally by rotat- 
ing torque ring 42, thereby exerting torque on core wire 
42 or an additional control wire (not shown) which ro- 
tates the deflectable tip about the longitudinal axis. 

10 When ablation assembly 30 has been positioned near 
a desired target site, actuator wires 58, 59 are moved 
distally to pivot arms 34, 36 about hinges 80, 82, pref- 
erably until arms 34, 36 are positioned transverse to the 
shaft axis. Catheter 2 can then be moved distally (or 

15 proximally) to engage the heart tissue at the target site 
with arms 34, 36. Catheter shaft 6 will exert an axial 
force against arms 34, 36, and tensioning or pulling of 
wires 58, 59 will enhance the contact of arms 34, 36 
against the heart tissue to maintain uniform contact 

20 pressure with the tissue. Radiofrequency current is then 
delivered through connector 46 and electrode wires 74 
to electrodes 38, through which current is conducted to 
the heart tissue to perform ablation. Mapping may also 
be accomplished when catheter 2 is used with an ECG. 

25 The present invention is not limited to the hinge as- 
sembly described above and shown in Figs. 3-5. For ex- 
ample, an alternative ball and socket hinge design is il- 
lustrated in Figs. 15, 1 6A and 1 6B. As shown in Fig. 1 5, 
ablation assembly 30' includes a ball and socket rota- 
te tional linkage 250 pivotally coupled to a pair of arm seg- 
ments 252, 254. A plurality of ablation or mapping elec- 
trodes 255 are disposed on each arm segment 252, 254 
as described above. Arms segments 252, 254 may have 
a semi-circular cross-sectional shape (Fig. 1 5), or a cy- 

35 lindrical shape (Figs. 16Aand16B). Each arm 252, 254 
is movably coupled to deflectable tip 28 by a curved sup- 
port wire or shaft 256, 258, respectively. Support wires 
256, 258 extend from arms 252, 254 into slits 260 in de- 
flectable tip 28, where they are coupled to actuator wires 

40 58, 59 for pivoting arms 252, 254 about linkage 250. In 
use, arms 252, 254 may be pivoted between a closed 
position (not shown) on either side of, and substantially 
parallel to, tip 28, and an open position (Fig. 15) trans- 
verse to tip 28. In the open position, support wires 256, 

45 258 support arms to facilitate their engagement with the 
patient's tissue. 

Figs. 6-10 illustrate another embodiment of a distal 
ablation assembly for use with catheter 2 according to 
the present invention. Similar to the previous design, ab- 

50 lation assembly 100 includes first and second arm seg- 
ments 108, 110 pivotally coupled to a central hinge 
member 1 02. As shown in Fig. 8, central hinge member 
102 includes a pair of longitudinal support members 
109, 111 each having an integral hinge 116, 118. Sup- 

55 port members 1 09, 11 1 can be designed (as shown) with 
a recess or plenum 123 for delivery of fluid under and 
to the electrodes 122 mounted on top (see Figs. 9 and 
1 0). Mounting/cover plates 1 26 cover the plenum chan- 
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nels 123 and provide surface for mounting electrodes 
122 (as shown in Fig. 9). Cover plates 126 may have 
holes for passing fluid to or through the electrodes 122 
mounted thereto (not shown). A central line channel 125 
provides a conduit for running electrical wires and/or 
thermocouples to the electrodes 122. In this embodi- 
ment, arm segments 108, 110 have a semi-circular 
cross-sectional shape (see Fig. 11 ), and are preferably 
formed using a silicone liquid injection molding (LIM) 
technique to mold-form arm segments 108, 110 around 
support members 109, 111. As shown, ablation assem- 
bly 100 further includes a yoke 114and a pair of actuator 
wires 1 04, 1 06 for pivotally coupling arms 1 08, 110 and 
support members 109, 111 to catheter shaft 6 (Fig. 1). 
H inges 116, 118 are preferably offset from the yoke 1 1 4 
axis so that hinges 116, 118 can be disposed adjacent 
each other (Fig. 6). Hinges 116, 1 1 8 are designedtomin- 
imize interference with the planar contact of cover plates 
126 with the tissue (i.e., hinges 116, 118 do not protrude 
outward when arm segments 108, 110 are open). 

Arm segments 108, 110 each include a plurality of 
electrodes 122 disposed on cover plates 126. In one 
configuration, electrodes 122 have a flattened coil de- 
sign (not shown) to provide a relatively flexible electrode 
length. In another configuration, electrodes 122 each 
comprise a metallic pad 1 24 mechanically or adhesively 
attached to cover plate 126 (Fig. 9), or in an alternative 
configuration, to an underlying flexible printed circuit 
128 (Fig. 10). Flexible printed circuits 128 provide a re- 
liable electrical connection from electrodes 124, around 
the hinge joint 1 02, to connection wires 74 in shaft 6 (see 
Figs. 2A-2C). In addition, flexible printed circuits 128 
may include a thermocouple junction (not shown) 
across several layers in the circuit for providing temper- 
ature sensing. As shown in Fig. 8, electrode pads 124 
are preferably relatively thick (i.e., on the order of about 
0.005 to 0.020 inch), and include notches 1 30 that pro- 
vide mechanical bending points to increase flexibility of 
pads 124. Alternatively, electrode pads 124 may com- 
prise a thin film on the order of about 0.0001 to 0.005 
inch thick, or a flexible grid or mesh arrangement (see 
Figs. 18Aand 18B). 

As shown in Fig. 11, arm segments 108, 110 each 
include a fluid channel through recesses 1 23 of support 
members 1 09, 111, which are preferably made of a suit- 
able thermoplastic material, such as ULTEM™ or metal. 
The fluid channels or recesses 1 23 are coupled to a fluid 
lumen (not shown) in catheter shaft 6 for allowing fluid 
coolant to exchange heat with electrodes 122 and/or to 
bathe the tissue at the target tissue. As in the previous 
embodiments, arms 108, 110 may include a plurality of 
holes for directing the fluid onto the target tissue, or end 
holes for allowing convective cooling of electrodes 122. 
Arms 1 08, 1 1 0 also include thermocouples 1 34 adjacent 
to electrodes 122 for providing temperature sensing. 

Referring now to Figs. 18A-18C, another embodi- 
ment of the ablation assembly will now be described. As 
shown in Fig. 18A, ablation arm segments 250 prefera- 



bly have a semi-circular cross-sectional shape with a 
relatively planar contact surface 252 on one side of the 
arm segment 250. Similar to the previous embodiment, 
each arm segment 250 will include a fluid plenum 132 
5 (Fig. 18C) coupled to one of the fluid conduits 75, 73 
within deflectable tip 28 for delivering fluid to the tissue 
at the target site. In this embodiment, a flexible circuit 

254 is mounted within each arm segment 250. Flexible 
circuit 254 has one or more electrodes 255 mounted on 

10 it with a plurality of openings 256 for fluidly coupling the 
fluid channel 132 with cavities 258 within arm segment 
250. Recessed cavities 258 each provide an interface 
volume of fluid between electrodes 255 and the target 
site. In addition, recessed cavity 258 serves to distance 

15 the electrodes 255, preferably by about 0.25 to 1 .5 mm, 
to minimize or completely prevent direct contact be- 
tween the electrodes 255 and the tissue. 

The fluid delivered into cavities 258 will preferably 
be an ionic solution, such as isotonic saline, that con- 

20 ducts electrical current so as to carry the RF ablation 
energy from electrodes 254 to the tissue. Thus, a fluid 
interface is created between the electrodes 255 and the 
tissue to minimize direct contact between electrodes 

255 and the tissue and surrounding blood. The fluid in- 
25 terface minimizes overheating and coagulation of the 

blood, and damage to the tissue. This effectively elimi- 
nates the need to remove the catheter and clean the tip 
after a series of lesions have been formed with the ab- 
lation segments 250. 

30 Of course, it should be recognized that this concept 
of creating a fluid interface between the electrodes and 
the tissue is not limited to the split tip catheter embodi- 
ments described above. For example, the catheter as- 
sembly may include a single rigid tip portion with a sim- 

35 j|ar construction as one of the ablation arms shown in 
Fig. 18A. Alternatively, the catheter may include a flex- 
ible tip portion having a plurality of longitudinally extend- 
ing slots or apertures formed therethrough. In this em- 
bodiment, for example, the catheter may include an 

40 electrode or electrodes disposed within the distal tip por- 
tion of the shaft. The electrode may have holes aligned 
with the holes of the distal tip portion (which can be an 
insulating sheath) for allowing fluid to be delivered 
through the holes to create an electronically conductive 

45 fluid interface between the electrodes and the tissue. 
The fluid, such as isotonic saline, passing through the 
openings becomes energized with sufficient RF energy 
supplied by the electrodes to ablate the tissue. 

Referring now to Figs. 1 3A-1 3C and 1 4A-1 4B, an- 

50 other ablation assembly incorporating a central hinge 
according to the present invention will be described. As 
shown, ablation assembly 1 40 includes a pair of curved 
flexible support arms 1 42, 1 44 extending from the distal 
end of deflectable tip 28. Support arms 142, 144 are 

55 coupled to, or integral with, a linear ablation segment 
146 that spans across support arms 142, 144. Linear 
ablation segment 1 46 includes first and second movable 
portions 148, 150 and a central thinned section 152 
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which is attached to an actuation wire or mandrel 154 
to form the hinge point for ablation segment 146. Abla- 
tion segment 146 preferably includes a groove 151 ex- 
tending along its proximal surface for receiving portions 
of support arms 142, 144. As can be appreciated, axial 
movement of wire 1 54, which is suitably coupled to one 
or both actuator wires 58, 59, causes pivoting of mova- 
ble portions 148, 150 about thinned section 152. Spe- 
cifically, withdrawing wire 1 54 into tip 28 causes the mid- 
portion of ablation segment 146 to collapse toward the 
center until movable portions 148, 150 meet along their 
length in the middle (see Figs. 14A and 14B). In this 
manner, ablation segment 146 can be moved from a 
closed or delivery position (Fig. 14A), in which movable 
portions 148, 150 are close together and generally par- 
allel to tip 28, and an open or expanded position (Fig. 
13A), in which movable portions 148, 150 fold out to 
form linear ablation segment 1 46 having a generally pla- 
nar contact surface 1 56 perpendicular to the shaft axis. 

As shown in Fig. 13A, a plurality of electrode pads 
160 are disposed on contact surface 154 of ablation 
segment 146. Preferably, electrode pads 160 and the 
various electrical/temperature sensor wires (not shown) 
are snapped into ablation segment 146, which is con- 
structed from a suitable thermoplastic material. Alterna- 
tively, the electrodes, sensors and wires may be injec- 
tion molded into segment 146. The electrical wires ex- 
tend through the curved lateral support arms 142, 144 
of ablation segment 146 to deflectable tip 28 and cath- 
eter shaft 6. Similar to previous embodiments, ablation 
segment 146 may include a fluid channel (not shown) 
for directing coolant fluid through segment 146 to cool 
electrode pads 1 60 and tissue at the target site. The fluid 
may exit through multiple holes (not shown) in planar 
surface 154, orthrough exit holes atthe ends of movable 
portions 148, 150. In the latter configuration, the coolant 
acts as a heat exchanger, rather than bathing the tissue 
interface. The fluid is delivered from the catheter shaft 
to each ablation segment 1 48, 1 50 through the support 
arms 142, 144. 

Figs. 19A and 19B illustrate a modified design of 
the central hinge assembly illustrated in Figs. 1 3 and 1 4. 
As shown, catheter shaft 6 has a bifurcated distal end 
that includes a pair of arms 170, 172 extending away 
from each other to form a Y-shaped distal end. Arms 
170, 172 are preferably biased away from each other 
into the configuration shown in Fig. 19B, i.e., with arms 
170, 172 defining an included angle of about 45 to 90 
degrees. Catheter 2 may further include a sleeve (not 
shown) to urge arms 170, 172 into a parallel configura- 
tion for delivery to the target site. Arms 170, 172 are 
flexible enough to allow pivoting about a central living 
hinge 174 at their connection point with shaft 6. In this 
way, the surgeon can push arms 170, 172 against the 
heart tissue to move them into an open position, prefer- 
ably defining an included angle of about 1 20 to 1 70 de- 
grees, as shown in Fig. 1 9B. The natural biasing of arms 
toward the open configuration will facilitate uniform con- 



tact with the heart tissue. The arms would be collapsed 
into a parallel orientation with shaft 6 for removal by pull- 
ing back into a delivery sheath (not shown). 

Fig. 17 illustrates another embodiment of ablation 

5 assembly according to the present invention. As shown, 
ablation assembly 200 includes a curved support arm 
204 and a manipulator member 202, such as a wire or 
mandrel, extending from deflectable tip 28 to a single, 
continuous linear ablation segment 206. In this embod- 

io iment, ablation segment 206 is a continuous member 
that does not collapse or fold onto itself as in previous 
embodiments. A plurality of electrodes 21 0 are coupled 
to ablation segment 206 as described above. Electrodes 
210 may be rings, coils, metallic pads, flattened coils, 

15 or any other suitable design. Ablation segment 206 is 
coupled to actuator wire 58 (Figs. 2A-2C, only one ac- 
tuator wire is required in this embodiment) for rotating 
ablation segment 206 between a delivery position, sub- 
stantially parallel to deflectable tip 28, and a contact po- 

20 sition (Fig. 17) substantially perpendicular to tip 28, 
where support arm 204 provides the pivot point. In this 
embodiment, deflectable tip 28 includes a longitudinal 
opening 208 for receiving ablation segment 206 as it ro- 
tates into the delivery position. Thus, proximal retraction 

25 of manipulator member 202 causes ablation segment 
206 to rotate into opening 208. 

Alternatively, retraction of both shafts 202, 204 may 
withdraw segment 206 into deflectable tip 28. Similarly, 
distal movement or pushing or shaft 202 causes seg- 

30 iment 206 to rotate into the perpendicular or contact po- 
sition shown in Fig. 17. At this point, a central, symmetric 
force delivered through catheter shaft 28 on segment 
206 maintains a uniform continuous contact with the tis- 
sue. 

35 Figs. 20, 21 and 22 illustrate exemplary methods of 
creating a substantially linear lesion in the left atrium of 
the heart according to the present invention. Creating a 
lesion in this portion of the patient's heart may be desir- 
able, for example, in a catheter ablation procedure sim- 

40 j|ar to the surgical Maze procedure for treating atrial fi- 
brillation or flutter. This procedure typically involves ab- 
lating long linear incisions through the heart wall to elec- 
trically partition portions of the heart. Ablation arms 34, 
36 are collapsed together for percutaneous introduction 

45 into the patients vasculature. As shown in Figs. 20 and 
21 , ablation arms 34, 36 are endoluminally delivered in- 
to the right atrium through the inferior vena cava, and 
then delivered into the left atrium through a transseptal 
puncture 300. Once arms 34, 36 are positioned within 

50 the left atrium, actuator wires 58, 59 are pulled (or 
pushed) to open arms 34, 36 as shown in Figs. 20 and 
21 . The catheter 2 can then be pushed forward into con- 
tact with tissue between the ostia of pulmonary veins 
(Fig. 20). Alternatively, the catheter can be retracted 

55 proximally so that the arms 34, 36 press against the sep- 
tum, as shown in Fig. 21. It should be noted that the 
procedure shown in Fig. 21 will preferably be accom- 
plished with circumferential electrodes, such as those 
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shown in Figs. 3-5, or electrodes mounted to the "back- 
side" of the ablation arms (i.e., the opposite side as that 
shown in Figs. 6-10 and 18). Alternatively, a catheter 2. 
having an ablation assembly as shown in Figs. 6-10 or 
18 may be introduced retrogradely into the left atrium 5 
through the aorta via the left ventricle, and then pushed 
against the desired left atrial location (Fig. 22). 

Fig. 22 illustrates another method of using the 
present invention to make a linear lesion at the ostium 
of a pulmonary vein or between the pulmonary veins and io 
mitral annulus. As shown, tip 28 of catheter 2 is ad- 
vanced in retrograde fashion through the arterial sys- 3. 
tern, across the aortic valve, and into the left atrium via 
the left ventricle. One or both arms 34, 36 are spread 
open by suitably manipulating actuator wires 58, 59, and ?5 
the catheter is advanced so that one of the arms 34, 36 
cannulates the pulmonary vein and the other arm con- 4. 
tacts the atrial wall adjacent the mitral annulus. Alterna- 
tively, the arms 34, 36 may be retracted against the mi- 
tral annulus to create a lesion between the pulmonary 20 
vein and the mitral annulus with the backside of the elec- 
trodes. Similar to the above method, the electrodes in 
this embodiment will either be circumferential, or mount- 
ed to the backside of the arms. 

Figs. 23 and 24 illustrates an alternative electrode 25 5. 
configuration for one of the ablation segments described 
above. In this configuration, an array of discrete block 
electrodes 260 are disposed on an electrode support 
plate 262. As shown, block electrodes 260 are spaced 
from each other, and oriented such that grooves 264 30 
formed within the electrodes 260 extend along different 6. 
directions from each other. As shown in Fig. 24, annular 
flexible circuit traces 266 extend underneath block elec- 
trodes 260 to couple the electrodes to the connectors 
within the catheter shaft (not shown), as described 35 
above. Annular flexible circuit traces 266 preferably 
have an open interior space 268 to allow fluid flow 
through electrode blocks 260 to the tissue interface. 

40 

Claims 7. 

1 . An apparatus for recording electrical signals and/or 
for applying energy to a target site within a patient 
comprising: 45 

8. 

a shaft having distal and proximal end portions 
and a longitudinal axis therebetween; 
an ablation segment at the distal end portion of 
the shaft defining first and second opposing 50 9. 
ends and having one or more electrodes dis- 
posed therebetween, 

a connector extending through the shaft for 
electrically coupling the electrodes to a source 
of electrical energy; and 55 10. 

a force element coupled to the shaft and dis- 
posed to apply an axially directed force to the 
ablation segment between the first and second 



opposing ends. 

The apparatus of claim 1 wherein the ablation seg- 
ment is movable between a collapsed configuration 
sized for delivery through a percutaneous penetra- 
tion in the patient and an expanded configuration, 
in which the ablation segment forms a substantially 
continuous surface transverse to the longitudinal 
axis of the shaft for contacting tissue at the target 
site. 

The apparatus of claim 2 wherein the force element 
is disposed to apply an axial force at a central por- 
tion of the continuous surface formed by the abla- 
tion segment. 

The apparatus of claim 1 wherein the ablation seg- 
ment comprises first and second arms movable be- 
tween a collapsed configuration, in which the arms 
are disposed close together and substantially par- 
allel to the longitudinal axis of the shaft, and an ex- 
panded position, in which the arms are further apart 
and substantially perpendicular to the shaft axis. 

The apparatus of claim 4 wherein the force element 
comprises an actuator at the proximal end of the 
shaft, and one or more manipulator elements ex- 
tending through the shaft from the actuator to the 
first and second arms. 

The apparatus of claim 5 further comprising a hinge 
assembly coupled to the distal end portion of the 
shaft for pivotally coupling the arms to the distal end 
portion of the shaft, the manipulator elements being 
coupled to the hinge assembly for pivoting the arms 
about the hinge assembly, and for applying an axial 
force to the arms in the expanded configuration to 
maintain contact pressure between the arms and 
the patient's tissue. 

The apparatus of claim 1 wherein the distal end por- 
tion of the shaft has a curvature, the apparatus fur- 
ther comprising an actuator coupled to the proximal 
end of the shaft for adjusting said curvature. 

The apparatus of claim 1 further comprising an ac- 
tuator coupled to the proximal end of the shaft for 
rotating the ablation segment about the shaft axis. 

The apparatus of claim 2 wherein the ablation seg- 
ment comprises a single substantially linear arm 
movable into the expanded position substantially 
perpendicular to the shaft axis. 

The apparatus of claim 9 wherein: 

the linear arm is pivotable about an axis per- 
pendicular to the shaft axis from a first position, 
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in which the linear arm is substantially parallel 
to the shaft axis, to a second position, in which 
the linear arm is substantially perpendicular to 
the shaft axis; and 

the linear arm includes first and second arm 
segments and an integral hinge therebetween 
for collapsing the arm segments about the in- 
tegral hinge. 

11. The apparatus of claim 1 wherein: 

the shaft comprises an inner lumen and the ab- 
lation segment comprises one or more holes 
fluidly coupled to the inner lumen for directing 
fluid through the ablation segment to exchange 
heat with the electrodes; 
the electrodes are divided into multiple seg- 
ments to improve the flexibility of the electrodes 
along the ablation segment; and 
the holes are sized and configured to direct the 
fluid onto the tissue at the target site to bath the 
tissue interface. 

1 2. The apparatus of claim 1 wherein the electrodes are 
raised above a surface of the ablation segment to 
improve contact with tissue. 

13. The apparatus of claim 11 wherein the electrodes 
are recessed into the ablation segment, the holes 
extending through the electrodes to direct the fluid 
between the electrodes and the tissue to create a 
fluid interface therebetween. 

14. The apparatus of claim 1 further comprising one or 
more flexible printed circuits coupling the elec- 
trodes with the connector, and one or more thermo- 
couples integral with the flexible printed circuits, 
wherein the thermocouples are positioned near the 
electrodes, but not in direct thermal contact with the 
electrodes, the thermocouples being positioned at 
or near the tissue interface. 

15. A steerable electrophysiology catheter comprising: 

a shaft having a proximal end, a distal end and 
an axial lumen therebetween; 
first and second ablation segments at the distal 
end of the shaft each having a plurality of elec- 
trodes disposed therebetween, 
a connector extending through the shaft for 
electrically coupling the electrodes to a source 
of electrical energy; and 
one or more actuator elements extending 
through the axial lumen of the shaft from the 
proximal end to the distal end, the actuator el- 
ements being coupled to the ablation segments 
for pivoting the ablation segments into an open 
position transverse to the shaft axis. 



16. The catheter of claim 15 wherein the actuator ele- 
ments are axially movable within the catheter shaft 
for pivoting the ablation segments between the 
open position and a closed position, substantially 

5 parallel to the shaft axis. 

1 7. An apparatus for applying electrical energy to a tar- 
get site on a patient comprising: 



io a shaft having distal and proximal end portions 

and a longitudinal axis therebetween; 
a substantially linear support arm disposed at 
the distal end portion of the shaft and having 
first and second ends and one or more elec- 
ts trodes disposed thereon, the support arm being 
movable to form a substantially continuous 
contact surface transverse to the longitudinal 
axis of the shaft; 

a connector extending through the shaft for 
20 electrically coupling the electrodes to a source 

of electrical energy; and 
a force element coupled to the shaft and dis- 
posed to apply an axial force to the support arm 
between the first and second ends. 

25 

18. The apparatus of claim 17 wherein the linear sup- 
port arm comprises first and second arm segments 
and an integral hinge therebetween, the first and 
second arm segments being pivotable about the in- 

30 tegral hinge from a collapsed configuration, in which 
the arm segments are disposed together, and an 
expanded configuration, in which the arm segments 
form a substantially continuous line transverse to 
the shaft axis. 

35 

19. The apparatus of claim 17 wherein the linear sup- 
port arm is pivotable from a delivery configuration, 
in which the arm is substantially parallel to the shaft 
for endoluminal delivery to the target site, to an ex- 

40 panded configuration, in which the arm forms a sub- 
stantially continuous line transverse to the shaft ax- 
is. 

20. An apparatus for recording electrical signals and/or 
45 for applying energy to a target site within a patient 

comprising: 

a shaft having distal and proximal end portions 
and a fluid lumen therebetween; 

50 an ablation segment at the distal end portion of 

the shaft comprising an outer insulating surface 
and one or more electrodes recessed from the 
outer insulating surface to form a space be- 
tween the electrodes and said surface, wherein 

55 the fluid lumen is coupled to said space such 

that electrically conducting fluid can be deliv- 
ered to the space to form a fluid interface be- 
tween the electrodes and the target site; and 
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a connector extending through the shaft for 
electrically coupling the electrodes to a source 
of electrical energy. 

The apparatus of claim 20 wherein: 5 

the ablation segment comprises an insulating 
arm defining a fluid plenum coupled to the fluid 
lumen within the shaft; and 

the electrodes are mounted to a substantially 10 
planar flexible circuit having a plurality of open- 
ings coupled to the fluid plenum, wherein the 
planar flexible circuit is recessed from an outer 
surface of the arm to form a fluid cavity between 
the tissue and the electrodes. 1$ 
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FIG. 12 
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FIG. 18C 
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